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A microf laid biomolecule separation system 
Field of the invention 

The present invention relates to a microfluid biomolecule 
separation system useful for separating and optionally 
further ainalysing of biomolecules such as proteins and 
nucleic acids. 

Separation of biomolecules from a complex mixture has 
traditionally been performed by utilising chromatographic 
techniques or gel electrophoresis techniques. Traditional 
gel electrophoresis techniques are however time and 
labour consuming and may involve limitations with respect 
to resolution. 

pH gradients in gels have e.g. been provided for 
polyacrylamide matrices as described in WO 93/11174 and 
WO 97/16462. 

Since 1975, complex mixtures of proteins have generally 
been separated by means of two dimensional gel 
electrophoresis in which the physical separation of the 
proteins in the first dimension gel is based upon a 
separation according to the isoelectric point of each of 
the proteins to be analysed. This is referred to as 
isoelectric focussing (lEF) of the proteins. (See e-g. 
O'Farrell PH. High resolution two-dimensional 
electrophoresis of proteins. JBiol Chem. 1975 May 
25;250(10) :4007-21) . 

However, a single lEP gel cannot resolve all of the 
proteins present in a single cell type since there are 
typically more than 20,000 different proteins in a cell. 
Therefore many investigators who want to study and 
identify some or all of the proteins expressed in a cell 
(proteomics) have used a second "dimension' - a second 
gel wherein the proteins are separated at right angles to 




the first lEF gel, where the proteins are separated based 
on differences of their respective molecular weight. This 
is called two-dimensional gel electrophoresis {2DGE) . 

The objective of the invention is to provide an 
alternative system for separating biomolecules such as, 
by use of which a high resolution can be obtained. 

Another objective is to provide a system for separating 
biomolecules from compositions comprising a large amount 
of different biomolecules e.g. above 5,000, or above 
10,000 or even above 15,000 different biomolecules. 

Yet another objective is to provide a system for 
separating and optionally identifying biomolecules which 
is relatively fast, simple and easy to use, and which is 
preferably highly reproducible. 

A further objective of the invention is to provide a 
system for separating biomolecules by use of which a 
desired resolution can be obtained, and which system is 
labour-saving to use compared to known processes. 

These and other objectives have been achieved by the 
invention as defined in the claims. 

Disclosure of the Invention 

The idea behind the invention is to provide a system for 
separate the biomolecules into to or more fractions, 
where the fractions are further processed e.g. further 
separated and/or identified. 

It should be understood that the biomolecules to be 
separated and processed using the microfluid biomolecule 
separation system according to the invention should be 
contained in a liquid, such as an aqueous liquid e.g. as 
described in DK PA 200200875. 
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In the following the term "bioraolecules ' is intended to 
include components of biological origin, such as human 
origin or synthetic components resembling these- The 
biocomponent may e.g. include biomolecules, tissues, 
cells, body fluids, blood components, microorganism, and 
derivatives thereof, or parts thereof as well as any 
other biocomponent. 

The biocomponent may include one or more biomolecules of 
microbial, plant, animal or human origin or synthetic 
molecules resembling them* The biocomponent or components 
may preferably be of human origin or synthetic molecules 
resembling them. 

Basically the method is particularly useful for the 
separation of biomolecules such as proteins, glyco 
proteins, nucleic acids, such as RNA, DNA, cDNA, LNA, 
PNA, oligonucleotides, peptides, hormones, antigen, 
antibodies, lipids and complexes including one or more of 
these molecules, said biomolecule preferably being 
selected from the group consisting of proteins and 
protein complexes. 

Particularly relevant examples of biomolecules are 
proteins, peptides and protein complexes. Protein 
complexes include any chemical substances wherein at 
least one protein is linked, e.g. linked by ionic links 
or Van der Waals forces. The protein complexes may e.g. 
include at least 10 % by weight of the protein. 

The proteins include denatured, partly denatured and non- 
denatured proteins. The denaturation degree depends on 
the substrate, the composition forming the separating 
coating, the structure of the separating coating, and the 
composition and or structure gradient of the separation 
coating if this coating comprises such gradient or 
gradients on the substrate. The denaturation degree also 
depends on the liquid comprising the proteins. 
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Thus in some of the embodiments, non-denatured proteins 
can be separated, because the bioraolecules are adsorbed 
to (and are mobile on) the separation layer. This 
provides the further advantage that separated proteins or 
other biocomponents can be tested directly for biological 
activity without the need for an isolation and optional 
re-folding step. 

The method is particularly useful for the separation of 
nucleic acids, proteins and parts thereof (mono-, di- and 
polypeptides and mono-, di- and polynucleotides), and 
complexes including nucleic acids and proteins. 

The biocomponents to be separated may include a mixture 
of different types of biocomponents e.g. a mixture of 
proteins and nucleic acids. 

The microfluid biomolecule separation system according to 
the invention comprises a primary separating path and one 
or more secondary process paths. 

in one embodiment the microfluid biomolecule separation 
system comprises 2 or more primary separation path. These 
paths may be independent parts of the system or one path 
may provide a preliminary separation for another or other 
paths . 

The primary separating path is in the form of a 
separating coating carried on a substrate, wherein said 
separating coating comprise one or more separating 
layers, wherein at least one separating layer consist of 
or comprises one or more pH active components comprising 
pH active groups defined as chemical groups that are 
capable of being protonated or deprotonated in aqueous 
environments. Such path is disclosed in DK PA2002 00875. 
The primary separating path may in principle have any 
shape and structure as disclosed in DK PA2002 00875, and 
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it may e.g. be produced as described in DK PA2002 
00875 -In one embodiment the applied capture coating with 
the pH active groups is further equilibrated using a pH 
buffer e.g. an acetic acid buffer, or a phosphate buffer. 
The substrate may in principle of any type preferably as 
disclosed in DK PA2002 00875. The technical information 
relating to the structure of a path, the substrate and 
the way of producing the path is hereby incorporated by 
reference. 

In one embodiment of the micro fluid biomolecule 
separation system according to the invention, the pH 
active components is chemically linked to the substrate 
optionally via one or more linker molecules and/or one or 
more layers of the separating coating. The chemically 
linking may e.g. be provided via a photochemically 
reactive group, such as a quinone e.g. as described in DK 
PA2002 00875. 

In one embodiment of the invention, the separating 
coating has a thickness of 1, 2, 5, 10 or 50 or even up 
to about 10,000 molecular layers of the molecules 
constituting the separating layer - 

In one embodiment of the invention, the separating 
coating has a thickness of between 0.01 and 15 jim, such 
as between 0.5 and 10 \m. 

In one embodiment of the invention, the separating 
substrate with the separating coating of the primary 
separating path is of a self supporting nature, which 
means that the structure does not collapse when it is 
dried. In this embodiment it is preferred that the 
thickness of the substrate with the separating coating 
varies less than 20 %, such as less than 10 %, such as 
less than 5 % from its moistured to its dry state. Also 
it is desired that the thickness of the separating 
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coating varies less than 20 %, such as less than 10 %, 
such as less than 5 % from its moistured to its dry 
state. 

In one embodiment the separating coating of the primary 
separating path has a pH value which varies less than 1 
pH unit, such as less than 0 . 5 pH units or even less than 
0-1 units along the primary separating path. The 
separating coating may e.g. have a pH value which is 
essentially equal along the primary separating path. 

In this embodiment the biomolecules is separated in two 
fractions along the primary path when a voltage is 
applied over the path- If the primary separating path 
e.g. has a pH value of 5, the biomolecules will be 
separated into one fraction with isoelectric points (pl 
values) above 5 and one fraction with pi value below 5. 
Further information about this separating process can be 
found in DK PA2002 00875. 

Please observe that the pH value of the separating 
coating refers to the pH value when the separating 
coating is moistured with water. 

In one embodiment of the micro fluid biomolecule 
separation system according to the invention the 
separating coating of the primary separating paths has a 
pH value which comprises a pH gradient along the primary 
separating path. Methods of producing such separating 
path with graduating pH value are disclosed in PA 2002 
00593 which is hereby incorporated by reference. 

In one embodiment where the separating coating of the 
separation path have a pH gradient, and the pH gradient 
is provided in the form of a pH active component linked 
to the substrate, the gradient is constituted by a change 
of the number of pH active components, e.g. as described 
in DK PA 2002 00875. 
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The pH gradient may in one embodiment be a continuously 
gradient along the primary separating path, e.g. varying 
up to about 8 pH values, such as between 0.1 and 5 pH 
units or such as between 0.5 and 3 units along the 
primary separating path. The continuously gradient could 
e.g. be from pH 3 to 7 • 

The pH gradient may in one embodiment be a stepwise 
gradient along the primary separating path, e.g. varying 
up to about 8 pH values, such as between 0.1 and 5 pH 
tinits or such as between 0,5 and 3 units along the 
primary separating path. The steps of the gradient may be 
equal or different from each other both with respect to 
the length of the steps measured along the length of the 
primary separating path and the jump in pH value. 

The steps of a stepwise pH value graduating separating 
pat is also referred to as a separating path section. 
Thus in one embodiment, the micro fluid biomolecule 
separation system according to the invention comprise 2 
or more, such as 5, such as 10, such as 20, such as 50, 
such as 100 separating path sections along the separating 
path. The separating path sections differing from each 
other with respect to pH value, the difference in pH 
value of the separating coatings between two adjacent 
separating path sections may e.g- be in the interval 
between 0.05 and 4 pH unit, such as between 0.1 and 2 pH 
values, such as between 0.2 and 1 pH value. In one 
embodiment the primary separating path comprises 5 to 10 
consecutive path sections with pH steps of between 0.1 
and 0.5. In this embodiment the primary separating path 
may e.g. comprise 8 consecutive path sections e.g. with 
the respective pH values 4.8, 5.0, 5.2, 5.4, 5-6, 5.8, 
6 . 0 and 6.2. 

In one embodiment the path sections have the same length. 
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In another embodiment two or more of the path sections 
have different lengths. In one example the path sections 
has different length so that one or more path sections 
closer to the electrodes when a voltage over the primary 
separation path is applied, is shorter than the path 
sections farther away from the electrodes. In an example 
of this embodiment the primary separating path may e.g. 
comprise 8 consecutive path sections e.g. with the 
respective length along the path 2x, 1.6x, 1.2x, Ix, Ix, 
1.2X, 1.6X and 2x, wherein x is e.g. between 1 and 100 
mm, such as between 2 and 10 mm, such as around 5 mm. 

The primary separating path may in principle have any 
desired length. In one embodiment the primary separating 
path has a length of between i mm and 10 cm, such as 
between 5 and 50 mm. 

The microfluid biomolecule separation system of the 
invention further comprises means for applying a voltage 
over the primary separating path. Such means for applying 
a voltage is generally known in the art, and may 
preferably include a pair of electrodes which may be 
mounted to the primary separating path or be adapted to 
be mounted thereto, so that the electrodes thereby 
preferably come into contact with the separating coating 
at a distance from each other along the primary 
separating path. 

In one embodiment the microfluid biomolecule separation 
system comprise a one or pair of electrode barrier, 
placed between the respective electrode and the 
separating coating so as to prevent the biomolecules to 
come into direct contact with the electrodes, because 
such contact could denaturate, or other how change the 
biomolecules. The anode electrode barrier could e.g. be 
in the form of an electrical conductive moistured 
substance e.g. a gel with a pH value lower than the pH 
value of the adjacent separating coating and the cathode 
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electrode barrier could e.g. be in the form of an 
electrical conductive moistured substance e.g. a gel with 
a pH value lower than the pH value of the adjacent 
separating coating. 

The microf luid biomolecule separation system comprises 
one or more secondary process paths, e.g. in the form of 
separating path{s) and/or identification path{s> , By the 
term identification path means a path that leads to the 
identification of one or more parameter of the 
biomolecules e.g. the mass, the size, or a specific 
activity e.g. to react with an antigen or similar. 

The or each secondary process path(s) comprising one or 
more inlets in liquid communication with the primary 
separating path. The one or more inlets for the secondary 
process path(s) are placed along or extend along the 
primary separating path. Thereby biomolecules separated 
along the primary path can e.g. after the separation 
along the primary separating path, be introduced into the 
secondary process path{s) for being processed further 
e.g. further separated and/or identified with respect to 
one or more parameter, such as size, mass or reactivity 
towards a reagent, such as an antigen. 

In one embodiment of the microf luid biomolecule 
separation system according to the invention the primary 
separating path and the secondary process path(s) being 
placed in relation to each other so that the biomolecules 
after being separated on the primary separating path will 
pass from the primary separating path via the inlet to 
the secondary process path(s) when a driving force is 
applied acting in the direction of one or more of the 
secondary process path(s) - This driving force may e.g. be 
a centripetal force or an electrophoresis force. 

In one embodiment of the micro fluid biomolecule 
separation system according to the invention, the primary 
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separating path comprises one, or more collection 
stations, such as at least 3 collection stations^ such as 
at least 4 collection stations, such as at least 5 
collection stations, such as at least 7 collection 
stations, such as at least 10 collection stations. The 
collection stations may e.g. be as described in DK PA2002 
00875. 

In one embodiment the one or more collection stations is 
in the form of a collecting unit comprising a collecting 
space e.g. in the form of a porous material, a collecting 
chamber or collecting cavity. 

The collection stations is preferably in liquid 
communication with the one or more inlets for the 
secondary process path{s), so that the collected 
biomolecules in the collection station will flow into the 
secondary process path{s) when a driving force over the 
secondary process path(s) is applied, e.g. a centripetal 
force or an electrophoresis force. 

In one embodiment the one or more collection stations is 
in the form of one or more openings in or overflow edges 
of the primary separating path. The one or more openings 
in or overflow edges of the primary separating path may 
e.g. provide the one or more inlets for the secondary 
process path(s), so that the collected biomolecules in 
the collection station will flow into the secondary 
process path(s) when a driving force over the secondary 
process path(s) is applied, e.g. a centripetal force or 
an electrophoresis force. 

In one embodiment of the microfluid biomolecule 
separation system according to the invention where the 
separation system according to claim 8 comprise two or 
more separating path sections, the major part and 
preferably all of these two or more separating path 
sections comprise a section collection station. 
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In one embodiment of the micro fluid biomolecule 
separation system according to the invention the one or 
more secondary path{s) is in the form of or comprises a 
gel, such as a gel selected from the group consisting of 
polyamide gels, such as a cross- linked polyacrylamide gel 
containing sodium dodecylsulf ate (SDS) , an ampholyte- 
containing cross-linked gel (lEF) , agarose gel, cellulose 
gel and silica gel. In this embodiment it is desired that 
the microfluid biomolecule separation system comprise 
only one or a few secondary path. 

In one embodiment comprising one secondary path in the 
form of a gel the primary path and the secondary path is 
essentially perpendicular to each other. The secondary 
path preferably has a length between an top edge and a 
bottom edge and a width, and the primary separating path 
preferably extends along the with of the secondary path, 
and being in contact with the secondary path e.g. with or 
near (l-lOOmm) the bottom edge of the secondary to allow 
space for applying a electrode, whereby said primary path 
and said secondary path being in liquid communication 
with each other. In an example of this embodiment the 
primary separating path is applied onto a sheet formed 
gel with inlet opening or openings into the sheet formed 
gel . 

In this embodiment where the secondary process path is in 
the form of a gel it is desired that the system further 
comprises means for applying a voltage over the secondary 
process path. In a preferred use the voltage is first 
applied over the primary separating path, and after 
separation the voltage is applied over the secondary gel 
process path. 

In one embodiment of the micro fluid biomolecule 
separation system according to the invention the primary 
separating path is in the form of or contained in 
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channels in a substrate. In this embodiment the sxibstrate 
of the primary separating path may be constituted by the 
channel wall or the substrate containing the separating 
coating may be placed in the channel. 

In one embodiment of the micro fluid biomolecule 
separation system according to the invention the 
secondary process path or paths is/are in the form of or 
contained in channels in a substrate. 

In one embodiment of the microfluid biomolecule 
separation system according to the invention the system 
is in the form of a disc shaped device, conprising a 
microchannel structure. The microchannel structure 
preferably includes the secondary process paths. In one 
embodiment the microchannel structure includes both the 
primary separating path and the secondary process paths. 

The disc shaped device may e.g, be as described in any 
one of wo 0147637, WO 97/21090, WO 02075775, WO 02075776, 
and WO 995824 5 which are hereby incorporated by 
reference, with the further proviso that the disc further 
comprise a primary separating path as described above in 
liquid communication with secondary process path(s), 
wherein the secondary process path(s) is constituted by 
the microchannel structure disclosed in respectively WO 
0147637, WO 97/21090, WO 02075775, WO 02075776, WO 
0146465 and WO 9958245. 

In one embodiment the microfluid biomolecule separation 
system of the invention is therefore in the form of a 
disc shaped device comprising a MS -port as described in 
WO 02075776- 

In one embodiment the microfluid biomolecule separation 
system of the invention is in the form of a disc shaped 
device comprising secondary process path(s) in the form 
of microchannel structures with a coat exposing a non- 
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ionic hydrophilic polymer as disclosed in WO 0147637. 

In one embodiment the microfluid biomolecule separation 
system of the invention is in the form of a disc shaped 
device comprising secondary process path(s) including a- 
U-shaped volume -defining structure as defined in WO 
0146465. 

In one embodiment the microfluid biomolecule separation 
system of the invention is in the form of a disc shaped 
device comprising secondary process path(s) which device 
is adapted such that the flow within the secondary 
process path(s> is controlled by different surfaces of 
the device having different surface characteristics as 
further described in WO 9958245. 

In one embodiment the microfluid biomolecule separation 
system of the invention is in the form of a disc shaped 
device comprising a planar surface encoded with an 
electromagnetically-readable instruction set for 
controlling rotational speed duration or direction a 
further described in WO 9721090. 

In one embodiment the microchannels has a cross sectional 
area of less than 10 m^, preferably less than 5 m^, 
even more preferably less than 0.1 m^. The microchannel 
structure may also includes reaction chamber (s), 
reservoirs and similar with a larger cross sectional 
dimension that the microchannels e.g. up to 2 times, up 
to 3 times r up to 5 times or even up to 10 times larger 
than the microchannels. 

In one embodiment the disc shaped device is essentially 
circular and comprises a centre. The centre may e.g. be 
in the fom of an aperture, such as an aperture with a 
diameter of 1-100 mm, such as 5-50 mm. The microchannel 
structure comprising the primary separating path and the 
secondary process path{s) may be arranged around the 
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centre, preferably with the primary separating path 
arranged a an partly or totally annular ring around the 
centre, and the secondary process path(s) arranged closer 
to the periphery than the primary separating path. 

In one embodiment the secondary process paths comprise 
one or more chambers e.g. in the form of chambers with a 
filter device and/ in the form of reaction chambers, such 
as reaction chambers with capture molecules for capturing 
biomolecules capable of reacting with the capture 
molecules - 

In one embodiment the secondary process paths comprise 
microchannels with walls having varying surface 
characteristics • 

In one embodiment the secondary process paths comprise 
microchannels comprising a separating medium such as a 
gel e.g. selected from the group of gels mentioned above • 

In one embodiment the primary separating path is provided 
by a primary microchannel with a separating coating. The 
primary microchannel may e.g. be essential circular and 
extending around the centre of the disc shaped device. In 
this embodiment the secondary process paths preferably 
extend from the primary path and towards the periphery of 
the disc shaped device. Furthermore, the channel 
providing the primary separating path may comprise 2 or 
more collection stations in the form of openings in the 
primary microchannel, which openings constitutes inlets 
to the secondary paths. 

In operation of the microfluid biomolecule separation 
system in the form of a disc formed device as described 
above, the biomolecule to be treated is applied to the 
primary separating path e.g. on the middle of the path or 
at one or both of its end. Voltage is applied over the 
primary separating path to thereby separate the 
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biomolecules into pH fractions, thereafter the separated 
biomolecules are forced into the secondary process 
path(s) using centripetal force. The centripetal force is 
applied by rotating the disc e.g. as described in any one 
of WO 0147637, WO 97/21090, WO 02075775, WO 02075776, WO 
0146465 and WO 9958245. 

In the following the invention will be described further 
with reference to the drawings and examples. 

Dretwings 

Figure 1 is a schematic illustration of the disk produced 
and used according to exatt?)le 1. 

BxamplBS 

Example 1 Electrophoresis disc with two collection 
stations 

Materials used: 

• Custom made polyester disk. 

• Non woven polyester material from Freudenberg (HlOlO, 
53 g/m^) 

• N- [4- (3-Aminopropyl)morpholyl] -9. lO-antraquinone-2- 
carboxamide . ( AQ -03) 

• 10 X 5 mm lEP Sample Application Pieces (80-1129-46) 
from Amersham Pharmacia Biotech AB 

• 10 X 2.5 mm lEF Electrode Strip (18-1004-40) from 
Amersham Pharmacia Biotech AB 

• Sample application strips (18-1002-76) from Amersham 
Pharmacia Biotech AB 

• Platinum electrodes 0 0.5 mm 

• 10 X 3 mm Polyacrylamide gel; 8%T:2.7%C; pH 3 . 5 

• 10 X 3 mm Polyacrylamide gel; 8%T:2.7%C; pH 10.5 

• Minitan Filtration Plate - PBGC OMP 04 - 10 kDa) from 
Millipore 

• Minitan Filtration Plate - PBTK OMP 04-30 (kDa) from 

Millipore 

• Minitan Filtration Plate - PBQK OMP 04 - 50 (kDa) from 
Millipore 

• 0.1 M Na Phosphate buffer - pH 6.5 
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• 7M Urea; 2M Thiourea 

• Lysis buffer (7M Urea; 2M Thiourea; 2% CHAPS; 5tnM 
TRIS) 

• 90 (ig HeLa extract in 20 ^ll Lysis buffer 

• Compressed nitrogen - N48 

• Programmable Power Supply (EPS 3501 XL) from Amersham 
Pharmacia Biotech AB . 

• Custom made disk spinner 

Functionalxsation of Non woven polyester: 

1 m of the polyester material HlOlO with a width of 55 mm 
was placed on a mechanical device which feeds the strip 
in a continues loop. The strip is feed with a 100 nM 
aqueous solution of AQ-03, exposed to UV radiation and 
then dried with hot air, before it returns to the AQ-03 
solution. In this way the anthraquinone is covalent bound 
to the polymer material. A total of 100 ^moles AQ-03 is 
bound. The material is equilibrated in the phosphate 
buffer, washed two times in distilled water and dried. 

Preparation of experimental setup: 

The custom made polyester disk has a diameter of 120 mm, 
a thickness of 2 mm and a 15 mm centre hole. A circular 
primary separating path in the form of a separating grove 
1 is machined with a diameter of 45 mm, a width of 3 mm, 
and a depth of 1 mm. The separating grove covers 180^ of 
the circumference of the disk. At both ends of the 
circular separating grove 1 a rectangular collection 
station grove 2 is placed perpendicular on the ends with 
a width of 10 mm, a thickness of 5 mm and a depth of 1 
mm. At the radian through each rectangular collection 
station groves 2 is placed a reservoir 3 between the 
centre and each collection station groove 2. The 
reservoir 3 is connected to the collection station grove 
by a flow channel 8. The flow channel 8 continues 
radially outward on the other side of the collection 
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station grove 2, and is intersected by three filter 
holders 4a, 4b, 4c at 60, 75 and 90 mm from the centre of 
the disc, and a reservoir 5 at 105 mm from the centre of 
the disc. Perpendicular to each rectangular collection 
station grove 2 is machined another rectangular gel grove 
6 with a length of 10 mm, a width of 3 mm and a depth of 
1 mm. Finally rectangular electrode groves 7 are machined 
ad the end of the gel grooves 6 with a length of 10 mm, a 
width of 2.5 mm and a depth of 1 mm. 

The functionalised material HIOIO is cut to fit the 
circular separating grove 1, and placed in the separating 
grove !• One sample application piece is placed in each 
of the rectangular collection station grooves 2 with good 
contact to the HlOlO material. In the left rectangular 
gel groove 6 the gel with pH 3.5 is placed as a barrier 
against the anode, and in the right rectangular gel 
groove 6 the gel with pH 10.5 is placed as a barrier 
against the cathode. Both gels are placed in good contact 
with the sample application pieces. In each of the 
electrode grooves 7 an lEF electrode strip is placed in 
good contact with the respective gel material. Electrodes 
are placed on top of each lEF electrode strip, such that 
the left one is anode and the right one is cathode. 

El ec trophareai a : 

The two lEF electrode strips are moistured with a 7M 
urea; 2M thiourea solution. The gels are rehydrated with 
Lysis buffer. The HlOlO is saturated in Lysis buffer. The 
biomolecule sample is applied at the middle of the 
primary separating path of f unctionalized HlOlO by use of 
a sample application strip. 

The setup is placed in a nitrogen atmosphere and voltage 
is applied to the system in a linear ramp step from 0 to 
2500 V in 4 hours. Then the voltage is held constant at 
2500 V for additionally 11 hours before the 
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electrophoresis is terminated. During the electrophoresis 
the current in the system is monitored in order to 
continuously follow the process. 

Filtration: 



The mini tan filters are cut to fit the filter holders 4a, 
4b, 4c and placed such that the 50 kDa filters are placed 
in the innermost filter holders 4a, the 30 kDa filters 
are placed in the middle filter holders 4b, and the 10 
kDa filters are placed in the outermost filter holders 
4c. 220 fil Lysis 0 buffer is placed in each reservoir 3 
and the disk is rotated at 100 RPM for 60 seconds 
(reextraction of sample from collection station grooves 
2) and then at 1500 RPM for 10 minutes in order to 
filtrate • 



Resul t3 : 



The separated material is collected from the filters (4a, 
4b, 4c) and from the reservoirs 5 in the following 
fractions: 

Left: 

{4a); pi < 6.5; mass >50 kDa 
(4b) pi < 6.5; 50 kDa > mass > 30 kDa 
(4c) pi < 6.5; 30 kDa > mass > 10 kDa 
(5) pi < 6.5; mass < 10 kDa 

Right : 

{4a): pi > 6-5; mass >50 kDa 
(4b) pi > 6.5; 50 kDa > mass > 30 kDa 
(4c) pi > 6.5; 30 kDa > mass > 10 kDa 
(5) pi > 6.5; mass < 10 kDa 



Example 2 Electrophoresis disc with three collection 
stations 
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Materials used: 

• Custom made polyester disk, 

• Non woven polyester material from Freudenberg (HlOlO, 
5 53 g/m^) 

• 4- (2-anthraquinoyl) -4-oxo-3-aza-butanoic acid (AQ-01) 

• N- [4- {3-Aminopropyl)morpholyl] -9 . 10-antraquinone-2- 
carboxamide . ( AQ- 0 3 ) 

• 10 X 5 mm lEF Sample Application Pieces (80-1129-46) 
10 from Amersham Pharmacia Biotech AB 

• 10 X 2.5 mm lEF Electrode Strip (18-1004-40) from 
Amersham Pharmacia Biotech AB 

• Sample application strips (18-1002-76) from Amersham 
Pharmacia Biotech AB 

15 • Platinum electrodes 0 0.5 mm 

• 10 X 3 mm Polyacrylamide gel; 8%T:2.7%C; pH 3.5 

• 10 X 3 mm Polyacrylamide gel; 8%T:2,7%C; pH 10.5 

• Mini tan Filtration Plate - PBGC OMP 04-10 kDa) from 
Millipore 

20 • Minitan Filtration Plate - PBTK OMP 04 - 30 (kDa) from 
Millipore 

• Minitan Filtration Plate - PBQK OMP 04 - 50 (kDa) from 
Millipore 

• 0.1 M Na Phosphate buffer - pH 6 . 5 
25 • 7M Urea; 2M Thiourea 

• Lysis buffer (7M Urea; 2M Thiourea; 2% CHAPS; 5mM 
THIS) 

• 90 |ig HeLa extract in 20 jil Lysis buffer 

• Compressed nitrogen - N4 8 

30 • Programmable Power Supply (EPS 3501 XL) from Amersham 
Pharmacia Biotech AB 

• Custom made disk spinner 

Functional isation of Non woven polyester: 

35 

1 m of the polyester material HlOlO with a width of 55 ram 
was placed on a mechanical device which feeds the strip 
in a continues loop. The strip is feed with a 100 |.iM 
aqueous solution of AQ-01, exposed to UV radiation and 
40 then dried with hot air, before it returns to the AQ-01 
solution. In this way the anthraquinone is covalent bound 
to the polymer material, A total of 100 fiimoles AQ-01 is 
bound. This result in a material with pH 4. 
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The same coating procedure was repeted on a new piece of 
HlOlO with a 100 |aM aqueous solution of AQ-03. This AQ-03 
treated material is equilibrated in the phosphate buffer 
and washed two times in distilled water and dried. This 
result in a material with pH 6.5. 

Prepstration of experimental aetup: 

The custom made polyester disk has a diameter of 120 mm, 
a thickness of 2 mm and a 15 imn centre hole. A circular 
primary separating path in the form of a separating grove 
1, 2 is machined with a diameter of 45 mm, a width of 3 
mm, and a depth of 1 mm. The separating grove 1,2 covers 
270<* of the circumference of the disk. At both ends of 
the circular separating grove 1, 2 and at the middle a 
rectangular collection station grove 3 is placed 
perpendicular to the circular grove with a width of 10 
mm, a thickness of 5 mm and a depth of 1 mm. At the 
radian through each rectangular collection station groves 
3, between the centre and the respective collection 
station grooves 3, a reservoir 4 is placed. The reservoir 
4 is connected to the collection station grove 3 by a 
flow channel 9. The flow channel 9 continues radially 
outward on the other side of the collection station grove 
3, and is intersected by three filter holders 5a, 5b, 5c 
at 60, 75 and 90 mm from the centre of the disc, and a 
reservoir 6 at 105 mm from the centre of the disc. 
Perpendicular to the rectangular collection station grove 
3 at the anode section and the cathode section is 
machined another rectangular gel grove 7 with a length of 
10 mm, a width of 3 mm and a depth of 1 mm. Finally 
rectangular electrode groves 8 are machined ad the end of 
the gel grooves 7 with a length of 10 mm, a width of 2.5 
mm and a depth of 1 mm. 

The AQ-01 functional ised material HlOlO is cut to fit the 



21 

circular separating grove 1, and placed in the separating 
grove 1. The AQ-03 f unctionalised material HlOlO is cut 
to fit the circular separating grove 2, and placed in the 
separating grove 2. One sample application piece is 
placed in each of the rectangular collection station 
grooves 3 with good contact to the HlOlO material. In the 
anodic rectangular gel groove 7 the gel with pH 3.5 is 
placed, and in the cathodic rectangular gel groove 7 the 
gel with pH 10.5 is placed. Both gels are placed in good 
contact with the sample application pieces. In each of 
the electrode grooves 8 an lEF electrode strip is placed 
in good contact with the respective gel material. The 
anodic electrode is placed on top of the anodic lEF 
electrode strip 8 and the cathodic electrode is placed on 
top of the catodic lEF electrode strip 8. 

El ec trophoresi s : 

The two lEF electrode strips are moistured with a 7M 
urea; 2M thiourea solution. The gels are rehydrated with 
Lysis buffer. The HlOlO is saturated in Lysis buffer. The 
protein sample is applied at the middle of the primary 
separating path 2 of the AQ-03 f unctionalized HlOlO by 
use of a sample application strip. 

The setup is placed in a nitrogen atmosphere and voltage 
is applied to the system in a linear ramp step from 0 to 
2500 V in 4 hours. Then the voltage is held constant at 
2500 V for additionally 11 hours before the 
electz-ophoresis is terminated. During the electrophoresis 
the current in the system is monitored in order to 
continuously follow the process. 

Filtration: 

The mini tan filters are cut to fit the filter holders 5a, 
5b r 5c and placed such that the 50 kDa filters are placed 
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in the innermost filter holders 5a, the 30 kDa filters 
are placed in the middle filter holders 5b, and the 10 
kDa filters are placed in the outermost filter holders 
4c. 220 ixl Lysis 0 buffer is placed in each reservoir 4 
and the disk is rotated at 100 RPM for 60 seconds 
(reextraction of sample from collection station grooves 
3) and then at 1500 RPM for 10 minutes in order to 
filtrate . 

jResuIts.* 

The separated material is collected from the filters (5a, 
5b, 5c) and from the reservoirs 6 in the following 
fractions: 

Anode 

(5a) : pi < 4; mass >50 kDa 
(5b) pi < 4; 50 kDa > mass > 30 kDa 
(5c) pi < 4; 30 kDa > mass > 10 kDa 
(6) pi < 4; mass < 10 kDa 

Middle: 

(5a): 4 < pi < 6-5; mass >50 kDa 
(5b) 4 < pi < 6.5; 50 kDa > mass > 30 kDa 
(5c) 4 < pi < 6.5; 30 kDa > mass > 10 kDa 
(6) 4 < pi < 6.5; mass < 10 kDa 

Cathode : 

(5a): pi > 6.5; mass >S0 kDa 
(5b) pi > 6.5; 50 kDa > mass > 30 kDa 
(5c) pi > 6.5; 3 0 kDa > mass > 10 kDa 
(6) pi > 6.5; mass < 10 kDa 
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CLAIMS: 

1. A micro fluid biomolecule separation system comprising 
a primary separating path and one or more secondary 
process paths, said primary separating path being in the 
form of a separating coating carried on a substrate, 
wherein said separating coating comprising one or more 
separating layers, at least one separating layer 
consisting of or comprises one or more pH active 
components comprising pH active groups defined as 
chemical groups that are capable of being protonated or 
deprotonated in aqueous environments, said fluid 
biomolecule separation system comprises means for 
applying a voltage over the primary separating path, the 
or each secondary process path(s) comprising one or more 
inlets in liquid communication with the primary 
separating path, said one or more inlets being placed- 
along or extends along the primary separating path, 
whereby biomolecules separated along the primary path is 
capable of being introduced into the secondary process 
path(s) for being processed further. 

2. A micro fluid biomolecule separation system according 
to claim 1, wherein the separating coating of the primary 
separating path has a pH value which varies less than 1 
pH unit, such as less than 0.5 pH unit or even less than 
0.1 unit along the primary separating path, said 
separating coating preferably having a pH value which is 
essentially equal along the primary separating path. 

3. A micro fluid biomolecule separation system according 
to claim 1, wherein the separating coating of the primary 
separating paths has a pH value which comprises a pH 
gradient along the primaiy separating path, said gradient 
being continuously or stepwise along the primary 
separating path, said pH gradient preferably including a 
pH variation of up to about 8 pH values, more preferably 
between 0.1 and 5 pH units, such as between 0.5 and 3 
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units along the primary separating path. 

4. A micro fluid biomolecule separation system according 
to any one of the preceding claims, further comprising a 
pair of electrodes, in the form of a positive electrode 
and a negative electrode in contact with or capable of 
being brought into contact with the separating coating at 
a distance from each other along the primary separating 
path. 

5. A micro fluid biomolecule separation system 
according to any one of the preceding claims wherein the 
primary separating path comprises one, or more collection 
stations, preferably at least 3 collection stations, such 
as at least 4 collection stations, such as at least 5 
collection stations, such as at least 7 collection 
stations, such as at least 10 collection stations. 

6. A micro fluid biomolecule separation system 
according to claim 5, said one or more collection 
stations being in the form of a collecting unit 
comprising a collecting space e.g. in the form of a 
porous material, a collecting chamber or collecting 
cavity, said collection stations being in liquid 
communication with said one or more inlets for said 
secondary process path(s) 

7. A micro fluid biomolecule separation system 
according to claim 5, said one or more collection 
stations being in the form of openings in or overflow 
edges of the primary separating path, said openings in or 
overflow edges preferably provides a liquid communication 
with said one or more inlets for said secondary process 
path(s) . 

8. A micro fluid biomolecule separation system 
according to any one of the preceding claims wherein the 
primary separating path comprise 2 or more, such as 3, 
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such as 4, such as 5, such as 7, such as 10 separating 
path sections along the separating path, said separating 
path sections differing from each other with respect to 
pH value, the difference in pH value of the separating 
coatings between two adjacent separating path sections 
preferably being in the interval between 0.05 and 4 pH 
unit, such as between 0.1 and 2 pH values, such as 
between 0.2 and 1 pH value - 

9. A micro fluid biomolecule separation system 
according to claim 8 wherein each separating path 
sections comprise a section collection station. 

10. A micro fluid biomolecule separation system according 
15 to any one of the preceding claims wherein the separating 

coating of the primary separation path comprising a pH 
gradient, said pH gradient being provided in the form of 
a pH active component linked to the substrate, the 
gradient preferably being constituted by a change of the 
20 number of pH active components. 

11. A micro fluid biomolecule separation system according 
to any one of the preceding claims wherein the separation 
layer or layers include one or more pH active components, 

25 said pH active components being linked to the substrate 
optionally via one or more linker molecules and/or one or 
more layers of the separating coating, via a 
photochemically reactive group, such as a quinone. 

30 12. A micro fluid biomolecule separation system according 
to any one of the preceding claims wherein the separating 
coating has a thickness of 1, 2, 5, 10 or 50 or even up 
to about 10,000 molecular layers of the molecules 
constituting the separating layer. 



13. A micro fluid biomolecule separation system according 
to any one of the preceding claims wherein the separating 
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coating has a thickness of between 0.01 and 15 jAm, such 
as between 0.5 and 10 jim. 

14. A micro fluid biomolecule separation system according 
to any one of the preceding claims wherein the primary 
separating path has a length of between 1 mm and 10 cm, 
such as between 5 and 50 mm. 

15. A micro fluid biomolecule separation system according 
to any one of the preceding claims comprising one 
secondary path, said secondary path preferably being in 
the form of a gel, such as a gel selected from the group 
consisting of polyamide gels, such as a cross- linked 
polyacryl amide gel containing sodium dodecylsuLf ate 
(SDS) , an ampholyte -containing cross-linked gel (lEF) , 
agarose gel, cellulose gel and silica gel. 

16. A micro fluid biomolecule separation system according 
to claim 15 wherein said primary path and said secondary 
path being perpendicular to each other, said secondary 
path preferably having a length between an top edge and a 
bottom edge and a width, said primary separating path 
preferably extends along the with of said secondary path, 
and being in contact with the bottom edge of said 
secondary path whereby said primary path and said 
secondary path being in liquid communication with each 
other. 

17. A micro fluid biomolecule separation system according 
to claim 16 wherein said system further comprises means 
for applying a voltage over the secondary process path- 

18. A micro fluid biomolecule separation system according 
to any one of the preceding claims 1-15 wherein said 
secondary path(s) being in the form of or contained in 
channels in a substrate. 
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19. A micro fluid biomolecule separation system according 
to any one of the preceding claims 1-15 wherein said 
system being in the form of a disc shaped device, 
comprising a microchannel structure said microchannel 
structure preferably includes said secondary process 
paths . 

20. A micro fluid biomolecule separation system according 
to claim 19 wherein said disc shaped device preferably 
being essentially circular and comprises a centre, said 
microchannel structure being arranged around said centre. 

21. A micro fluid biomolecule separation system according 
to any one of the claims 19-20 wherein said secondary 
process paths comprise one or more reaction chambers. 

22. A micro fluid biomolecule separation system according 
to any one of the claims 19-21 wherein said secondary 
process paths comprise microchannels with walls having 
varying surface characteristics. 

23. A micro fluid biomolecule separation system according 
to any one of the claims 19-22 wherein said secondary 
process paths comprise microchannels comprising a 
separating medium such as a gel . 

24. A micro fluid biomolecule separation system according 
to any one of the claims 19-23 wherein said primary 
separating path being provided by a primary microchannel 
with a separating coating, said primary microchannel 
preferably being essential circular and extending around 
the centre of the disc shaped device. 

25. A micro fluid biomolecule separation system according 
to claim 24 wherein said secondary process paths being 
extending from the primary path and towards the periphery 
of the disc shaped device. 



26. A micro fluid biomolecule separation system according 
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to any one of the claims 24-25 wherein said channel 
providing the primary separating path comprise 2 or more 
collection stations in the form of openings in the 
primary microchannel . which openings constitutes inlets 
to the secondary paths. 

27. A micro fluid biomolecule separation system according 
to any one of the preceding claims wherein one or more of 
the secondary process paths being separating path or 
paths . 
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